Preservation of biospecimen quality is critical to accurately and reliably assessing genes and proteins. We evaluated the effect of preparation method and storage duration on RNA quality in placenta and decidua.
| INTRODUCTION
Adverse pregnancy outcomes, such as preeclampsia, miscarriage, and preterm birth, may result from abnormal placental development or function. Studies of such outcomes often include placenta tissue, collected over time from large cohorts, to evaluate changes and patterns in gene expression, metabolomics, and protein signaling. These investigations rely on high-quality placenta samples, with appropriate preparation and storage, as sample degradation may impair analysis or lead to erroneous conclusions.
For studies involving genomic analysis, including microarrays and real-time quantitative RT-PCR (qRT-PCR), intact RNA is critical for accurately quantifying gene expression. The process of RNA degradation is not fully understood, but it is known to occur spontaneously in aqueous solution, and also results from ribonuclease (RNase) activity. The RIN Integrity Number (RIN) provides a standardized tool for assessing RNA and accounts for several features of the total RNA electropherogram.
1 These features include the total RNA ratio (area of 18S and 28S peaks versus total area under the curve (AUC)), height of the 28S peak, and fast area ratio (area between 5S and 18S peaks versus total AUC). RIN is reported on a scale from 1 to 10, where 10 represents the most intact RNA. An RIN greater than 6 is considered acceptable for qRT-PCR, while an RIN over 8 is best for microarray analysis.
Traditionally, tissue samples have been preserved by flash freezing, or snap freezing, in liquid nitrogen, followed by storage at −80°C. In this study, we systematically evaluated the efficacy of RNAlater and flash freezing in ensuring RNA quality over time, in matched placenta and decidua biospecimens, with RNA extracted from fresh tissue as our baseline.
| MATERIALS AND METHODS
The study design is summarized in Figure 1 , showing the handling and storage of placenta and decidua specimens.
| Biospecimen collection
Placenta and decidua tissues were collected at the time of elective Cesarean section from nine women attending Yale-New Haven Hospital (YNHH). All patients provided written informed consent. Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). RNA Integrity Number (RIN) was assigned based on the electropherogram using the manufacturer software (Agilent Technologies).
| RNA isolation and quality assessment

| Quantitative real-time reverse transcription polymerase chain reaction (qRT-PCR)
qRT-PCR was performed using 12. and an increase to 95°C by 0.5°C increments. Three genes-β-actin, tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein zeta (YWHAZ), and DNA topoisomerase 1 (TOP1)-were selected after a literature review on housekeeping genes previously validated in placenta tissue.
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Primer sequences were designed F I G U R E 1 Overview of sample processing, storage, and analysis. Placenta and decidua specimens were obtained from nine women by 8-mm punch biopsy. For each specimen, three aliquots were placed in RNAlater, and two aliquots were flash frozen by immersion in liquid nitrogen. RNA extraction from matched sample aliquots was performed immediately (baseline), after 1 month of storage, and after 8-10 months of storage. All stored samples were kept at −80°C. RNA was subsequently used for analysis of RIN values and housekeeping gene expression using NCBI Primer-BLAST (http://www.ncbi.nlm.nih.gov/tools/ primer-blast, NCBI, Bethesda, MD, USA) and synthesized at the W.M. 
| Statistical analysis
| RESULTS
| RNA purity
Purity was assessed by 260/280 ratio for each sample. For the placenta samples, 98% had 260/280 ratios of 2.0 or greater, and 100% had ratios over 1.8. For decidua samples, 89% had 260/280 ratios of 2.0 or greater, and 89% had ratios over 1.8, and the lowest value was 1.45. This indicates our extraction and purification techniques yielded very pure RNA samples.
| RNA integrity over time
To assess RNA integrity in stored placenta and decidua aliquots, we compared RIN values for baseline samples to those flash frozen or stored in RNAlater for 1 and 8-10 months (Figure 2) . RNA from nine sets of matched samples was assessed with a bioanalyzer. However, RIN values were unable to be assigned by the software algorithm for four placenta time point samples and one decidua time point sample.
Therefore, analysis of RIN values includes data from six placenta and eight decidua specimens.
For baseline RNA, which was extracted immediately after delivery, RIN values were within ideal range for both placenta and decidua. 
| Housekeeping gene expression
Because we found significant differences in RIN values for matched placenta samples based on storage method, we investigated whether these disparities in RNA integrity were reflected in gene expression.
Three housekeeping genes, β-actin, YWHAZ, and TOP1, were quanti- The assumption is that the RNA for every gene will be similarly degraded in a sample with partially degraded RNA, as determined by the RIN value. In our dataset, when we normalized YWHAZ to β-actin, we 
| DISCUSSION
In this systematic and controlled study, we found that placenta tissue stored in RNAlater yields higher RNA integrity over time, compared to flash frozen samples. Differences in placenta RNA integrity also translated to differences in gene expression, demonstrating the importance of quality preservation. For decidua, both RNAlater and flash freezing provide similar long-term preservation of RNA integrity. Decidua is a thin tissue with lower density than placenta, and thus, density may account for differences in preservation quality by flash freezing. Surface area may also cause the differences in preservation quality. As the decidua is flat and thin, all of its surface area is exposed and the RNAlater can more easily permeate the aliquot. Sample size may also alter preservation quality by flash freezing, although we did not examine size as a variable. The 8-mm punch biopsy tool used in this study produced aliquot volumes in the range of 0.25-0.6 cm RNAlater is convenient because it is effective at room temperature and does not require special equipment. Of note, the manufacturer recommends incubating tissue samples at 2-8°C for 24 hours, followed by either storage in the reagent at −20°C or reagent removal before archival storage at −80°C. 13 Our samples remained in RNAlater for the full duration of storage at −80°C, thus eliminating an additional step in processing. Our findings show appropriate quality is maintained. In our hands, we found the cost of RNAlater to be 25 times greater than flash freezing. RNAlater provides a convenient and highly effective, although costly, alternative to flash freezing placenta in liquid nitrogen or dry ice.
